A variety of methyl donor compounds, such as choline and betaine, are known to be sources of the methyl group of methionine when this compound is synthesized by animal tissues (du Vigneaud, 1952) . However, none of the known transmethylation reactions has been shown to occur in the bacterial synthesis of methionine. In the first paper in this series (Shapiro, 1953) it was shown that thiomethyladenosine could support the growth of certain methionine auxotrophs of Aerobacer aerogenes. The mechanism of utilization of thiomethyladenosine by one of these mutants has been investigated further. The results to be presented here suggest a new pathway of biosynthesis of methionine by this organism and indicate that thiomethyladenosine is a precursor of the thiomethyl group of methionine.
MATERIAL AND METHODS
Cultural mwthods. Aerobacter aerogenes, strain NRRL 199, was used as the parent strain, Culture 68, which requires methionine or thiomethyladenosine for growth, was used in this study. The isolation of the mutant and the cultural procedures used have been described previously (Shapiro, 1953) .
All chemicals used were commercial products except thiomethyladenosine and thiomethylribose which were generously supplied by Dr (Csonka and Denton, 1946) . The former method was used when methionine was the only a-amino acid present; the latter, when methionine was the only sulfur containing compound in a mixture. (Teas, 1950; Kalan and Ceithaml, 1953) . Therefore, several four carbon chain compounds were tested for their ability to support growth of the mutant. Threonine, homoserine, and a-aminobutyric acid were inactive in this system when used alone or in conjunction with thiomethyladenosine.
Radiotracer expe7iments. It became clear from the numerous growth experiments that the mechanism of utilization of thiomethyladenosine by the mutant culture could be clarified by the use of labeled thiomethyladenosine. If the thiomethyladenosine was contributing the thiomethyl group to some four carbon compound to form [VOL. 67 (table 3) . The wild type extract shows the same activity in the formation of methionine from thiomethyladenosine or a-aminobutyric acid. The mutant extract shows the same activity as the wild type extract in the formation of methionine from thiomethyladenosine but greatly reduced activity when a-aminobutyric acid is used as the substrate. Both extracts form twice as much methionine from thiomethyladenosine as from homocysteine.
DISCUSSION
Thiomethyladenosine has been shown to play a vital role in the biosynthesis of methionine. Over 80 per cent of the sulfur and methyl groups of thiomethyladenosine is found in the methionine isolated from the mutant cells grown on the labeled nucleoside. This permits the suggestion that the genetic block in this mutant involves an impairment in the enzyme system involved in the production of thiomethyladenosine. Since thiomethyladenosine is required for methionine biosynthesis, therefore, a methionine deficiency results. This leads to the hypothesis that methionine is synthesized in these cells by a transthiomethylation of some four carbon chain compound. This compound may be a-aminobutyric acid since cell-free extracts of wild type cells can produce methionine from it more readily than from homocysteine. The decreased activity of the mutant extract on a-aminobutyric acid may indicate a deficiency in the thiomethyl donor. This is supported by the fact that the mutant extract produces the same amount of methionine as the wild type extract when thiomethyladenosine is used as a substrate.
It is interesting to note that the mutant extract can utilize a substrate (a-aminobutyric acid) that the growing cells are unable to utilize. Similar results have been reported with other mutants (Wagner, 1949; Bonner, 1951) . These data seem to support the concept that biochemical mutations result in alterations in enzyme formation or enzyme activity but not in alterations in enzyme specificity.
The proposed hypothesis requires rigorous testing since it suggests an entirely new pathway of methionine biosynthesis in which the classical transmethylation of homocysteine finds no part. Indeed, the fact that the mutant does respond to homocysteine in growth experiments, although poorly, must be reconciled eventually with the proposed mechanism of methionine biosynthesis. It seems unlikely that there are two mechanisms of synthesizing methionine since this would require that culture 68 be a double mutant. Such a possibility is, in all likelihood, too remote to merit serious consideration. Perhaps the growth response to homocysteine implicates this compound as a precursor of thiomethyladenosine since it is clearly not the limiting factor in the growth of the mutant (figure 1). This possibility also is suggested by the fact that both wild type and mutant extracts form twice as much methionine from thiomethyladenosine as from homocysteine (table 3) .
The results presented here offer no clue as to the role of vitamin B12 in methionine biosynthesis since the vitamin is totally inactive alone or in combination with all the compounds used in this study.
SUMMARY
Mutant culture 68 of Aerobacter aerogenes grows slightly better and faster on methionine than on equimolar concentrations of thiomethyladenosine.
During growth on thiomethyladenosine the mutant culture produces adenine which accumulates in the medium.
The mutant gives optimal growth response to thiomethyladenosine at a concentration of 0.15 JAM per ml; with homocysteine there is no increase in growth response beyond 0.1 jAM per ml at which level growth is only half maximal.
At least eighty per cent of the thiomethyl group of methionine produced by mutant cells originates in thiomethyladenosine.
The use of cell-free extracts has shown that a-aminobutyric acid and thiomethyladenosine play a vital role in the biosynthesis of methionine.
